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SUMMARY 

The emphasis on a v i a t o r  workload has been o f  p r imary  concern t o  t h e  
U.S. Army a v i a t i o n  community s i n c e  t h e  i n c o r p o r a t i o n  of low a1 t i tude  
t e r r a i n  f l i g h t  techniques i n t o  t h e  he1 i c o p t e r  t a c t i c s  r e p e r t o r y .  S ince  
n a v i g a t i o n  i s  a p a r t i c u l a r l y  acu te  problem a t  low a l t i t u d e s ,  t h i s  p r o j e c t  
examined t h e  v i s u a l  work load o f  t h e  n a v i g a t o r / c o p i l o t  d u r i n g  t e r r a i n  
f l i g h t  (nap-of - the-ear th ,  con tou r  and low l e v e l )  i n  a UH-1H h e l i c o p t e r .  
The n a v i g a t o r ' s  t a s k  was t o :  ( 1 )  pe r fo rm a map study o f  t h e  p r e s c r i b e d  
course, ( 2 )  d i r e c t  t h e  p i l o t  d u r i n g  t h e  f l i g h t  as t o  t h e  d i r e c t i o n  o f  
b l i g h t ,  a l t i t u d e  and a i r speed  d e s i r e d  t o  t r a v e r s e  t h e  course, and ( 3 )  
i d e n t i f y  hover p o i n t s  and checkpoints  a long  t h e  r o u t e  which were g i v e n  
t o  t h e  n a v i g a t o r  i n  terms o f  s i x  d i g i t  g r i d  coo rd ina tes .  V i s u a l  pe r -  
fwmance was measured v i a  a m o d i f i e d  NAC Eye Mark Recorder used i n  
c o n j u n c t i o n  w i t h  a LOCAM h i g h  speed camera. T h i s  technique p rov ided  t h e  
means t o  o b j e c t i v e l y  r e c o r d  and analyze t h e  n a v i g a t o r ' s  v i s u a l  pe r -  
formance th rough  t h e  examinat ion of :  ( 1 )  v i s u a l  t i m e  i n s i d e  t h e  c o c k p i t  
on f l i g h t  and engine inst ruments,  ( 2 )  t i m e  i n s i d e  t h e  c o c k p i t  on t h e  map 
o r  o t h e r  n a v i g a t i o n  a ids ,  and ( 3 )  t i m e  o u t s i d e  t h e  c o c k p i t  i n  v a r i o u s  
windscreen s e c t o r s .  

A v i s u a l  f r e e  t i m e  t a s k  was u t i l i z e d  t o  determine t h e  amount o f  
v i s u a l  t i m e  t h e  n a v i g a t o r  had a v a i l a b l e ,  d u r i n g  f l i g h t  over  t h e  p r e -  
s c r i b e d  course, f o r  a n o n f l i g h t  r e l a t e d  task .  The data i n d i c a t e  t h a t  
t h e  n a v i g a t o r ' s  normal work load was demanding; t h e  v i s u a l  f r e e  t i m e  t a s k  
was u t i l i z e d  o n l y  3% o f  t h e  t o t a l  t ime.  The data a l s o  i n d i c a t e  t h a t  t h e  
du ty  o f  n a v i g a t i n g  r e q u i r e d  92.2% o f  t h e  c o p i l o t ' s  t o t a l  v i s u a l  t i m e  
w h i l e  t h e  engine and f l i g h t  i ns t rumen ts  were u t i l i z e d  o n l y  4% o f  t h e  
t ime. 
d u t j e s .  

These data a r e  discussed i n  r e l a t i o n  t o  t h e  c o p i l o t ' s  s p e c i f i e d  
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INTRODUCTION 

The t a c t i c a l  requi rement  t o  conduct Army he1 
t o  t h e  e a r t h  has presented f o r m i d a b l e  n a v i g a t i o n  
A v i a t o r s  f o r c e d  t o  m a i n t a i n  a i r c r a f t  masking whi 
c o n t a c t  p o i n t s ,  l a n d i n g  zones o r  MEDEVAC p i c k  up 

copter  opera t ions  c l o s e  
problems t o  Army a v i a t o r s .  
e proceeding t o  enemy 
p o i n t s ,  have t h e  d i f f i c u l t  

t a s k  o f  de termin ing  t h e i r  p o s i t i o n  and n a v i g a t i n g  t o  and f rom these 
p o i n t s  w i t h  l i t t l e  a i d  i n  terms o f  s a l i e n t  landmarks and t e r r a i n  f e a t u r e s .  
Fur ther ,  t h i s  problem i s  cons iderab ly  inc reased w i t h  t h e  need f o r  round- 
t h e - c l o c k  a l l  weather opera t ions .  

P i l o t  and c o p i l o t  workload has increased s i g n i f i c a n t l y  w i t h  u t i l i z a t i o n  
o f  t a c t i c a l  t e r r a i n  f l i g h t  techniques. 

The increased workload exper ienced by t h e  Army a i r c r e w  i s  due, i n  
p a r t ,  t o  t h e  r e l a t i v e  perceptual  speeds a t  which t e r r a i n  i s  t r a v e r s e d  
and t h e  subsequent s h o r t  p e r i o d s  o f  t ime t h a t  n a v i g a t i o n a l  cues remain 
i n  t h e  v i s u a l  f i e l d .  T e r r a i n  f l i g h t  c o n s i s t s  o f  nap-o f - the-ear th  (NOE), 

ow l e v e l  f l i g h t  p r o f i l e s .  These f l i g h t  p r o f i l e s  have been contour  and 
d e f i n e d  as:  

NOE. F1 
w i l l  permi t ,  
Airspeed and 
and enemy s i  

- g h t  as c l o s e  t o  t h e  e a r t h ' s  s u r f a c e  as v e g e t a t i o n  o r  o b s t a c l e s  
w h i l e  g e n e r a l l y  f o l l o w i n g  t h e  contours o f  t h e  e a r t h .  
a l t i t u d e  a r e  v a r i e d  as i n f l u e n c e d  by t h e  t e r r a i n ,  weather, 
u a t i o n .  The p i l o t  preplans a broad c o r r i d o r  o f  o p e r a t i o n  

based on known t e r r a i n  f e a t u r e s  which has a l o n g i t u d i n a l  a x i s  p o i n t i n g  
toward h i s  o b j e c t i v e .  I n  f l i g h t ,  t h e  p i l o t  uses a weaving and devious 
r o u t e  w i t h i n  h i s  planned c o r r i d o r  w h i l e  remain ing o r i e n t e d  a long h i s  
general  a x i s  of movement i n  o r d e r  t o  t a k e  maximum advantage o f  t h e  cover 
and concealment a f f o r d e d  by t e r r a i n ,  v e g e t a t i o n  and man-made f e a t u r e s .  
By g a i n i n g  cover and concealment f rom enemy d e t e c t i o n ,  o b s e r v a t i o n  and 
f i r e  power, nap-of - the-ear th  f l i g h t  e x p l o i t s  s u r p r i s e  and a l l o w s  f o r  
evas ive a c t i o n s .  

Contour.  F l i g h t  o f  low a l t i t u d e  conforming g e n e r a l l y  and i n  c l o s e  
p r o x i m i t y  t o  t h e  contours o f  t h e  ear th .  
advantage of  a v a i l a b l e  cover and concealment i n  o rder  t o  a v o i d  observa- 
t i o n  o r  d e t e c t i o n  o f  t h e  a ' i r c r a f t  and/or i t s  p o i n t s  o f  depar tu re  and 
land ing .  
as v e g e t a t i o n  and obs tac les  d i c t a t e .  

T h i s  type  o f  f l i g h t  takes 

I t  i s  c h a r a c t e r i z e d  by a v a r y i n g  a i rspeed and a v a r y i n g  a l t i t u d e  

Low Leve l .  F l i g h t  conducted a t  a s e l e c t e d  a l t i t u d e  a t  which d e t e c t i o n  
o r  observa t ion  o f  t h e  a i r c r a f t  i s  avoided o r  minimized. The r o u t e  i s  
p r e s e l e c t e d  and conforms g e n e r a l l y  t o  a s t r a i g h t  l i n e  and a cons tan t  
a i rspeed and a l t i t u d e .  
over  d is tances  o r  per iods  o f  t ime.  

Thi.3 method i s  b e s t  adapted t o  f l i g h t s  conducted 

1 



The a d d i t i o n a l  workload imposed on t h e  a i r c r e w  d u r i n g  t e r r a i n  f l i g h t  
has necess i ta ted  a d i v i s i o n  o f  d u t i e s .  The p i l o t ' s  p r imary  r e s p o n s i b i l i t y  
d u r i n g  t e r r a i n  f l i g h t  has been t h e  demanding task  o f  m a i n t a i n i n g  c learance 
o f  t h e  a i r c r a f t  f rom a l l  man-made and t e r r a i n  obs tac les  a s  w e l l  as 
d i r e c t i n g  t h e  a i r c r a f t  over  t h e  d e s i r e d  r o u t e .  
has assumed d u t i e s  which e n t a i l ,  among o t h e r  t h i n g s :  -7-7- 1 m o n i t o r i n g  t h e  
map and n a v i g a t i o n  inst ruments as w e l l  as  t h e  t e r r a i n  i n  an a t tempt  t o  
l o c a t e  t h e  s i g n i f i c a n t  n a v i g a t i o n a l  cues needed f o r  m a i n t a i n i n g  t h e  
c o r r e c t  f l i g h t  path,  ( 2 )  m o n i t o r i n g  t h e  h e l i c o p t e r  engine inst ruments 
and o t h e r  f l i g h t  inst ruments,  ( 3 )  t u n i n g  t h e  r a d i o s ,  ( 4 )  o r a l l y  p r o v i d i n g  
n a v i g a t i o n a l  i n f o r m a t i o n  t o  t h e  p i l o t  t h a t  w i l l  a l l o w  him t o  m a i n t a i n  
t h e  a p p r o p r i a t e  f l i g h t  path,  and ( 5 )  h e l p i n g  t h e  p i l o t  l o c a t e  and a v o i d  
p o t e n t i a l l y  hazardous t e r r a i n  obs tac les .  

The co i l o t ,  t h e r e f o r e ,  

Workload has been def ined as " t h e  sum of t h e  task  demands which can 
be c l e a r l y  s p e c i f i e d ,  p l u s  t h e  o p e r a t o r ' s  response (and e f f o r t )  t o  
s a t i s f y  these demands".* 
d i r e c t l y  i n  terms of a c t i v i t y  o r  e f f o r t  on a p r imary  task  o r  i n d i r e c t l y  
by examining r e s e r v e  c a p a c i t y  o r  t ime a v a i l a b l e  f o r  t h e  performance o f  a 
secondary t a s k . * y 3  One s p e c i f i c  approach f o r  workload examinat ion i s  i n  
terms o f  v i s u a l  demands upon t h e  n a v i g a t o r  ( i n  t h i s  s tudy)  and t h e  
d i s t r i b u t i o n  o f  h i s  v i s u a l  t ime.  

P i l o t  o r  n a v i g a t o r  workload can be evaluated 

Prev ious s t u d i e s  have suggested t h a t  " f requency o f  eye f i x a t i o n  on 
any g i v e n  ins t rument  i s  an i n d i c a t i o n  o f  t h e  r e l a t i v e  importance of t h a t  
ins t rument .  
p r o p e r l y  be considered as an i n d i c a t i o n  of  t h e  r e l a t i v e  d i f f i c u l t y  o f  
check i  ng and i n t e r p r e t i  ng p a r t i  c u l  a r  i ns truments . I' 9 

The l e n g t h  o f  t h e  f i x a t i o n s ,  on t h e  c o n t r a r y ,  may more 

Recent research has i d e n t i f i e d  t h e  v i s u a l  workload problems encouqtered 
by t h e  p i l o t  d u r i n g  s t r a i g h t  and l e v e l  f l i g h t  a t  v a r y i n g  a l t i t u d e s . 6  
T h i s  research  demonstrated t h a t  " t h e  d u r a t i o n  and frequency of v i s u a l  
scan i n t e r v a l s  change between NOE and 3CO f e e t  o f  a l t i t u d e  and t h a t  
below 100 f e e t ,  any demands on t h e  p i l o t ' s  t i m e  can o n l y  be o f  t h e  
s i m p l e s t  t y p e  unless he i s  unburdened f rom h i s  v i s u a l  tasks . "  

Since t h e  d u t i e s  and r e s p o n s i b i l i t i e s  o f  t h e  c o p i l o t  have increased 
a g r e a t  deal  i n  a very  s h o r t  t ime frame, t h e  o b j e c t i v e  o f  t h e  c u r r e n t  
research p r o j e c t  was t o  examine t h e  e x i s t i n g  v i s u a l  workload (oculomotor 
performance) of t h e  n a v i g a t o r / c o p i l o t  d u r i n g  t e r r a i n  f l i g h t .  

METHOD 

Subjects .  Subjects  p a r t i c i p a t i n g  i n  t h e  i n v e s t i g a t i o n  were t e n  
r e c e n t  graduates o f  t h e  U.S. Army I n i t i a l  E n t r y  Rotary  Wing f l i g h t  
t r a i n i n g  program of i n s t r u c t i o n  a t  F o r t  Rucker, Alabama. These p i l o t s  
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had recent  t r a i n i n g  i n  nav iga t ion  dur ing  t e r r a i n  f l i g h t  and an average 
o f  287 t o t a l  f l i g h t  hours. All p a r t i c i p a n t s  had a t  l e a s t  115 hours o f  
f l i g h t  experience i n  the  UH-1H h e l i c o p t e r .  

Apparatus. Oculomotor performance was recorded v i a  a mod i f ied  NAC 
Eye Mark Recorder used i n  con junc t ion  w i t h  a 16mm LOCAM h igh  speed 
mot ion p i c t u r e  camera. Through the  u t i l i z a t i o n  of the  NAC Eye Mark 
Recorder, the  a v i a t o r ' s  v iewing p o i n t  was detected by means o f  an 
i l l u m i n a t e d  r e t i c l e  r e f l e c t e d  o f f  the  cornea o f  t he  eye. The o p t i c a l l y  
focused r e t i c l e ,  r e f l e c t e d  from the  cornea, was superimposed upon a 
pr imary image w i t h  a f i e l d  o f  view of 43.5' v e r t i c a l  and 60° hor i zon ta l .  
Figures 1 and 2 show a sub jec t  a v i a t o r  wearing the  mod i f ied  Eye Mark 
Recorder. 

F igure 1. A v i a t o r  Wearing the  Mod i f ied  NAC Eye Mark Recorder 
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F i g u r e  2. C o p i l o t  Prepared f o r  F l i g h t  i n  t h e  UH-1H H e l i c o p t e r  

One can a l s o  see t h e  f i b e r  o p t i c  bundle connect ing t h e  Eye Mark Recorder 
t o  t h e  LOCAM 16mm camera, which i s  a t tached t o  t h e  p i l o t ' s  sea t .  
d e t a i l e d  d e s c r i p t i o n  o f  t h e  Eye Mark Recorder and s c o r i n g  techniques 
u t i l i z e d  can be found i n  p r e v i o u s l y  conducted USAARL research .7  ,8 

The t e s t  v e h i c l e  was a JUH-1H h e l i c o p t e r .  

A 

The v i s u a l  f r e e  t ime t a s k  u t i l i z e d ,  which i s  s i m i l a r  t o  one u t i l i z e d  
by S t r o t h e r , 6  c o n s i s t e d  o f  a 5x7 c a r d  c o n t a i n i n g  random monosy l lab ic  
words ( r e f e r e n c e  F i g u r e  3 ) .  
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F i g u r e  3. V i sua l  Free Time Task 

The c a r d  was bordered i n  b l a c k  and had a w h i t e  background w i t h  b l a c k  
l e t t e r s .  
mounted on t h e  UH-1H i n s t r u m e n t  panel d i r e c t l y  below t h e  v e r t i c a l  v e l o c i t y  
i n d i c a t o r .  
f r e e  t i m e  t a s k  c a r d  was 87 cen t ime te rs  ( r e f e r e n c e  Tab le  1 f o r  c0ckpi . t  
measurement d a t a ) .  

The c a r d  was sprayed w i t h  a g l a r e  r e d u c i n g  compound and 

The average d i s t a n c e  from t h e  s u b j e c t ' s  eyes t o  t h e  v i s u a l  
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TABLE 1 

COCKPIT MEASUREMENT DATA 

Subject  One 

Subject. Two 

Subject  Three 

Subject  Four 

Subject  F i v e  

Subject  S i x  

Sirbj e c t  Seven 

Subject  E i  g h t  

Subject  N i  ne 

Sub j ec t Ten 

Mean 

Eye t o  Floor 

101.60 

107.95 

106.68 

108.59 

104.14 

109.22 

100.33 

113.03 

107.95 

110.49 

106.55 

Eye t o  Magnetic Comp. 

68.58 

81.28 

71.12 

76.20 

76.20 

85.09 

73.66 

83.82 

82.55 

77.47 

77.59 

Eye t o  VFT Task 

86.36 

88.90 

88.90 

91 ;44 

83 -82 

93.98 

83.82 

88.90 

86.36 

95.25 

88.77 

* U n i t  of measwement - cent imeters.  

The maps u t i l i z e d  were s tandard 1:50,000 sca le ,  w i t h  w h i t e  background, 
of t h e  Geneva (Stock No. V744X38463) and H a r t f o r d  (Etock No. V744X38462), 
Alabama, area. 
around t h e  H i g h f a l l s  S t a g e f i e l d  was prepared f o r  use by t h e  p a r t i c i p a n t s .  

The n a v i g a t i o n  course, app rox ima te l y  19 k i l a m e t e r s  long,  W d S  marked 
o r  t h e  map ( r e f e r e n c e  F i g u r e  4 ) .  The p a r t i c i p a n t s  were g i ven  s i x  d i g i t  
g r i d  c o o r d i n a t e s  o f  f i v e  phase p o i n t s / c h e c k p o i n t s  p l u s  t h e  i n i t i a l  p o i n t  
( I F )  3 f  t h e  n a v i g a t i o n  course. These p o i n t s  were t o  be i d e n t i f i e d  on 
t h e  map by t h e  s u b j e c t  d u r i n g  h i s  map study and r e p o r t e d  upon passage 
d u r i n g  f l i g h t  over  t h e  course. The s u b j e c t s  were a l s o  g i v e n  a l i s t  
c o n t a i n i n g  s i x  d i g i t  g r i d  coo rd ina tes  o f  f i v e  hover p o i n t s  l o c a t e d  a long  
t h e  n a v i g a t i o n  course. These p o i n t s  were u t i l i z e d  t o  r e p r e s e n t  l a n d i n g  
p o i n t s ,  such as equipment o r  personnel  p i c k  up p o i n t s ,  i n  an o p e r a t i o n a l  
s e t t i n g .  

A map encompassing a 255 square k i l o m e t e r  t e s t  area 

6 



NAVIGATION COURSE- S C A L E  1:50,000 

IP-l NIT1 A L  P 01 NT CONTOUR INTERVAL-20 F E E T  

RP-RELEASE POINT 1,2,3,4,5-CHECK POINTS 

A,B,C,D,E-HOVER POINTS 

F i g u r e  4. N a v i g a t i o n  Course U t i l i z e d  i n  the  I n v e s t i g a t i o n  

Procedure. The p a r t i c i p a n t s  were f i r s t  g i v e n  a b r i e f i n g  concern ing 
t h e  genera l  n a t u r e  of t h e  research and t h e i r y o l e  i n  t h e  p r o j e c t .  
s u b j e c t s  were prov ided t h e  map s i m i l a r  t o  t h e  one shown i n  F i g u r e  4 
(exc lud ing  t h e  l o c a t i o n  o f  t h e  checkpoints  and hover p o i n t s )  and t h e  
l i s t  o f  phase/checkpoints and hover p o i n t s .  
t h a t  t h e y  were t o  a c t  as n a v i g a t o r  o r  c o p i l o t  and t h a t  a USAARL p i l o t  
would a c t  as f i r s t ,  p i l o t  o r  a i r c r a f t  commander d u r i n g  t h e  f l i g h t .  The 
p a r t i c i p a n t s  were a b l e  ‘to per form a map s tudy  f o r  t h e  r e s t  of t h a t  day 
and r e p o r t e d  t o  t h e  a i r c r a f t  t h e  n e x t  day prepared t o  f l y .  

The 

The p a r t i c i p a n t s  were t o l d  
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1 .  C o p i l o t ' s  Windscreen 6.  F l i g h t  I ns t rumen ts  
1 2  3 2. Handheld Map 7 .  Engine Ins t rumen t  C l u s t e r  I 1 3.  R i g h t  Windscreen & R i g h t  8. N a v i g a t i o n  Ins t rumen ts  

S i d e  Door biindow 9 .  !darning L i g h t s  
4. C o p i l o t ' s  S ide  Door I4indow 10. O the r  V i s u a l  Areas 
5. V i s u a l  Free Time Task 

F i g u r e  5 .  Schematic o f  UH-1 V isua l  Areas 

Tables 2 through 7 show t h e  summary o l  t h e  v i s u a l  data f o r  each o f  
t h e  segments i n  t h e  n a v i g a t i o n  course f o r  a l l  s u b j e c t s  whose data were 
scorab le .  Segments o f  data were l o s t  on some s u b j e c t s  as a f u n c t i o n  of 
camera m a l f u n c t i o n s  and f i l m  exposure problems due t o  t h e  f a c t  t h a t  t h e  
NAC Eye Mark Recorder system does n o t  have an automat ic  T-s top adjustment  
c a p a b i l i t y .  However, t h e  da ta  remain ing a c c u r a t e l y  r e f l e c t  t h e  v i s u a l  
performance e x h i b i t e d  d u r i n g  n a v i g a t i o n .  

Some o f  t h e  key i tems o f  i n t e r e s t  i n  Tables 2 through 7 a r e  t h e  mean 
d w e l l  t i m e  f i g c r e s  r e p r e s e n t i n g  t h e  average p e r i o d  o f  v i s u a l  c o n t a c t  
w i t h  t h e  area a,nd percentage o f  t o t a l  t i m e  o f  t h e  segment spent i n  each 
of t h e  v i s u a l  3 reas .  
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Immediately b e f o r e  f l i g h t ,  t h e  s u b j e c t s  were a g a i n  informed t h a t  

The UH-1H T a c t i c s  F l i g h t  T r a i n i n g  Guide 

The p a r t i c i p a n t s  were t o l d  t h a t  

they were t o  a c t  as c o p i l o t / n a v i g a t o r  and t o  per fo rm a l l  d u t i e s  as- 
soc ia ted  w i t h  t h a t  p o s i t i o n .  
(March 1975), which i d e n t i f i e s  t h e  p i l o t  and c o p i l o t ' s  i n - f l i g h t  d u t i e s ,  
was g i v e n  t o  t h e  s u b j e c t s  t o  r e f r e s h  t h e i r  memory as t o  t h e  exac t  f u n c t i o n s  
expected o f  them d u r i n g  t h e  f l i g h t . '  
t h e i r  r e s p o n s i b i l i t y  f o r  t h e  f l i g h t  was t o  d i r e c t  t h e  p i l o t  t o  f l y  a long 
t h e  course i d e n t i f i e d  on t h e  maps prov ided.  
keeping t h e  p i l o t  in formed so t h a t  he c o u l d  f l y  t h e  a i r c r a f t  as c l o s e  t o  
t h e  course as p o s s i b l e .  

They were r e s p o n s i b l e  f o r  

The f o l l o w i n g  VFT task  i n s t r u c t i o n s ,  which a r e  s i m i l a r  t o  t h e  S t r o t h e r  
study,6 were a l s o  g i v e n  t o  t h e  sub jec ts :  "Dur ing t h e  course o f  t h e  
f l i g h t ,  when you f e e l  t h a t  i t  i s  n o t  necessary t o  l o o k  i n s i d e  o r  o u t s i d e  
t h e  h e l i c o p t e r  i n  performance o f  your  n a v i g a t i o n  d u t i e s ,  read t h e  words 
loca ted  on t h e  c a r d  mounted on t h e  ins t rument  panel .  
any word and i t  i s  n o t  necessary t o  p i c k  up where you stopped before.  
Read a loud as many words as you f e e l  you have t i m e  f o r  and then s top  
read ing  and r e t u r n  t o  your  normal du t ies . ' '  

S t a r t  r e a d i n g  a t  

The NAC Eye Mark Recorder was f i t t e d  and c a l i b r a t e d  on t h e  s u b j e c t  
i n s i d e  t h e  USAARL research  f a c i l i t y  f o l l o w e d  by a r e c a l i b r a t i o n  o f  t h e  
dev ice  a f t e r  t h e  s u b j e c t  was seated and prepared f o r  f l i g h t  i n  t h e  l e f t  
f r o n t  s e a t  o f  t h e  UH-1H a i r c r a f t .  
course, sub jec ts  were complete ly  r e s p o n s i b l e  f o r  t h e  f l i g h t  p a t h  o f  t h e  
h e l i c o p t e r  w i t h  t h e  USAARL p i l o t  changing heading, a i rspeed and a l t i t u d e  
i n  response t o  t h e i r  d i r e c t i o n s .  The sub jec ts  were i n s t r u c t e d  t o  r e p o r t  
t h e  passage o f  t h e  f i v e  phase/checkpoints.  
f o r  i d e n t i f y i n g  t h e  f i v e  hover p o i n t s  and d i r e c t i n g  t h e  p i l o t s  t o  hover 
a t  these p o i n t s .  

From t a k e o f f  t o  complet ion o f  t h e  

Subjects  were a l s o  r e s p o n s i b l e  

RESULTS AND DISCUSSION 

For s c o r i n g  purposes, t h e  v i s u a l  performance data were d i v i d e d  i n t o  
t e n  v i s u a l  areas o f  i n t e r e s t .  These areas a r e  schemat ica l l y  presented 
i n  F i g u r e  5. The c o p i l o t ' s  ins t rument  panel was d i v i d e d  i n t o  f u n c t i o n a l  
groups o f  inst ruments,  e.g., n a v i g a t i o n  ins t ruments  ( t h e  RMI and magnetic 
compass) engine inst ruments,  e t c .  
d i v i d e d  i n t o  f o u r  quadrants, b u t  these areas were conso l ida ted  i n t o  one 
v i s u a l  area f o r  data i n t e r p r e t a t i o n  purposes. 

The c o p i l o t ' s  windscreen was o r i g i n a l l y  
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TABLE 2 

VISUAL PERFORMANCE SUMMARY DATA FOR 
SEGMENT ONE OF THE NAVIGATION COURSE 

I P  TO HOVER POINT A 

V i s u a l  Area 

Copi l o t  I s 
Windscreen 

Handheld Map 

R i g h t  Windscreen & 
R i g h t  S i d e  Door 
Window 

C o p i l o t ' s  S ide  
Door Window 

V i s u a l  F ree  
Time Task 

F l i g h t  I n s t r u m e n t s  

Engine I n s t r u m e n t  
C l u s t e r  

N a v i g a t i o n  
I n s t r u m e n t s  

Warning L i g h t s  

O the r  V i s u a l  Areas 

T o t a l  Time P e r c e n t  o f  T o t a l  Number Mean Time 
i n  Seconds T o t a l  Time o f  E x i t s / M i n .  i n  Area 

792.28 52.4 14.04 2.23 

424.81 28.1 10.26 1.63 

110.19 7.3 3.48 1.24 

106.21 7.0 2.58 1.61 

14.06 .9 0.24 2.01 

18.72 1.2 0.72 0.99 

11.61 .7 0.54 0.77 

15.61 1 .o 0 . 9 b i  0.65 

9.31 .6 0.30 1.03 

10.33 .6 0.36 1.03 
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TABLE 3 

VISUAL PERFORMANCE SUMMARY DATA FOR 
SEGMENT TWO OF THE N A V I G A T I O N  COURSE 

HOVER POINT A TO HOVER POINT B 

V i s u a l  Area 

Copi 1 o t  I s 
Windscreen 

Handheld Map 

R i g h t  Windscreen & 
R i g h t  S ide  Door 
W i ndow 

C o p i l o t ' s  S i d e  
Door Window 

V i s u a l  Free 
Time Task 

F l i g h t  I ns t rumen ts  

Engine I n s t r u m e n t  
C l u s t e r  

N a v i g a t i o n  
Ins t rumen ts  

Warning L i g h t s  

Other  V i s u a l  Areas 

T o t a l  Time Percen t  o f  T o t a l  Number Mean Time 
i n  Seconds T o t a l  Time of E x i t s / M i n .  i n  Area 

1073.38 49.0 12.96 2.27 

752.04 34.4 11.16 1 .84  

103.54 4.7 2.58 1.07 

87.57 4 .0  1 .68  1.41 

42.95 1.9 0.24 4.29 

64.95 2.9 0.36 1.38 

37.90 1.7 0.72 1 .40  

11.41 . 5  0.36 0.81 

4.82 . 2  0.12 0.96 

4.52 .2  0.18 0.56 
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TABLE 4 

VISUAL PERFORMANCE SUMMARY DATA FOR 
SEGMENT THREE OF THE NAVIGATION COURSE 

HOVER POINT B TO HOVER POINT C 

To ta l  Time Percent o f  To ta l  Number Mean Time 
Visual  Area i n  Seconds To ta l  Time of Exi ts /Min.  i n  Area 

C o p i l o t ' s  
Windscreen 396.31 43.6 12.00 2.18 

Handheld Map 302.51 33.2 9.36 2.13 

R igh t  Windscreen & 
R igh t  S ide Door 24.13 2.6 1.86 0.83 
W i ndow 

C o p i l o t ' s  S ide 
Door Window 96.62 10.6 4.02 1.58 

Visual  Free 
Time Task 30.29 3.3 0.36 5.04 

F l i g h t  Instruments 27.96 3.0 0.72 2.54 

Engine Inst rument  
C1 u s t e r  3.20 .3 0.30 0.64 

Navigat ion 
Instruments 5.83 .6 0.48 0.72 

Warning L i g h t s  17.05 1.8 0.42 2.43 

Other V isual  Areas 4.56 . 5  0.00 0.31 
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TABLE 5 

VISUAL PERFORMANCE SUMMARY DATA FOR 
SEGMENT FOUR OF THE NAVIGATION COURSE 

HOVER POINT C TO HOVER POINT D 

V i s u a l  Area 

Copi 1 o t  I s 
Windscreen 

Handheld Map 

R i g h t  Windscreen & 
R i g h t  S ide  Door 
Window 

C o p i l o t ' s  S ide  
Door Window 

V isua l  F ree  
Time Task 

F1 i g h t  I ns t rumen ts  

Engine I n s t r u m e n t  
C1 u s t e r  

N a v i g a t i o n  
Ins t rumen ts  

Warning L i g h t s  

Other V i s u a l  Areas 

T o t a l  Time Percen t  o f  T o t a l  Number Mean Time 
i n  Seconds T o t a l  Time o f  E x i t s / M i n .  i n  Area 

798.08 45.2 11.40 2.38 

656.30 37.2 9.90 2.25 

74.97 4.2 2.10 1.19 

77.03 4.3 1.62 1.60 

87.47 4.9 0.40 7.28 

18.46 1 .o  0.60 1.02 

19.87 1.1 0.54 1.24 

11.31 .6  0.48 0.75 

1.91 .1 0.10 0.63 

16.44 .9 0.48 1.09 
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TABLE 6 

VISUAL PERFORMANCE SUMMARY DATA FOR 
SEGMENT FIVE OF THE NAVIGATION COURSE 

HOVER POINT D TO HOVER POINT E 

T o t a l  Time 
V i s u a l  Area i n  Seconds 

Percen t  of T o t a l  Number Mean Time . 
T o t a l  Time o f  E x i t s / M i n .  i n  Area 

Copi 1 o t  ' s 
Windscreen 13.50 

10.98 

803.22 

659.28 

44.9 

36.8 

1.99 

2.00 Handheld Map 

R i g h t  Windscreen & 
R i g h t  S i d e  Door 
W i ndow 

94.66 5.2 3.06 1.02 

C o p i l o t ' s  S i d e  
Door Window 42.88 2.3 1.02 1.38 

V i s u a l  Free  
Time Tack 67.83 

37.95 

3.7 0.63 

2.1 1.02 

3.57 

1.22 F l i g h t  I n s t r u m e n t s  

Engine I n s t r u m e n t  
C l u s t e r  38.10 2.1 1.20 1.02 

N a v i g a t i o n  
I n s t r u m e n t s  24.54 

10.08 

10.25 

1.3 0.90 

.5 0.18 

.5 0.42 

0.87 

1.68 

0.78 

Warning L i g h t s  

O the r  V i s u a l  Areas 
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TABLE 7 

VISUAL PERFORMANCE SUMMARY DATA FOR 
SEGMENT S I X  OF THE N A V I G A T I O N  COURSE 

HOVER POINT E TO HIGHFALLS STAGEFIELD (RP) 

To ta l  Time Percent o f  T o t a l  Number Mean Time 
Visual  Area i n  Seconds Tota l  Time o f  Ex i ts /Min .  i n  Area 

Copi 1 o t  ' s 
Windscreen 882.15 44.5 13.44 1.98 

Handheld Map 753.68 38.0 11.22 2.03 

R igh t  Windscreen & 
R igh t  S ide Door 95.74 4.8 3.24 0.88 
W i ndow 

C o p i l o t ' s  S ide 
Door Window 62.37 3.1 1.68 1.11 

Visual  Free 
Time Task 65.95 3.3 0.72 2.74 

F l i g h t  Inst ruments 19.89 1 .o 0.60 0.99 

Engine Inst rument  
C1  us t e r  59.53 3.0 1.02 1.70 

Nav iga t ion  
Instruments 11.06 .5 0.42 0.73 

Warning L i g h t s  6.96 .3 0.30 0.63 

Other V isua l  Areas 21.90 1.1 0.54 1.21 
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F i g u r e  6 prov ides summary da ta  f o r  a l l  s i x  f l i g h t  segments i n  terms 
o f  t h e  percentage o f  t o t a l  v i s u a l  t i m e  spent  i n  each o f  t h e  t e n  v i s u a l  
areas. The shaded area i n c l u d e s  a l l  mean da ta  p o i n t s  f o r  each o f  t h e  
s i x  f l i g h t  segments. The consis tency between f l i g h t  segments i s  p a r t i c u l a r l y  
noteworthy.  These data i n d i c a t e  very  1 i t t l e  v a r i a b i l i t y  i n  percent  o f  
t i m e  each o f  t h e  v i s u a l  areas was u t i l i z e d  over t h e  e n t i r e  n a v i g a t i o n  
course. Though t h e  t e r r a i n  t r a v e r s e d  d i d  vary  t o  some degree over  t h e  
course, t h e  i n f o r m a t i o n  demanded f rom each of t h e  v i s u a l  areas remained 
r e l a t i v e l y  constant .  That  i s ,  v i s u a l  cues needed f o r  n a v i g a t i o n  were 
p r i m a r i l y  ob ta ined from t e r r a i n  viewed through t h e  c o p i l o t ' s  windscreen 
w i t h  f r e q u e n t  re ference t o  t h e  handheld map. 

PERFORMANCE 
ENVELOPE FOR 
ALL SIX FLIGHT 

-SEGMENTS 
AVERAGE 

1. COPILOT'S WINDSCREEN 

3. RIGHT WINDSCREEN K RIGHT 
SIDE DOOR WINDOW 

4. COPILOT'S SIDE DOOR WINDOW 
5. VISUAL FREE TIME TASK 
6. FLIGHT INSTRUMENTS 
7. ENGINE INSTRUMENT CLUSTER 
8. NAVIGATION INSTRUMENTS 
9. WARNING LIGHTS 

2. HAND-HELD MAP 

10. OTHER VISUAL AREAS 

Ly I I I I I I I 1 I 

& 1 2  3 4 5 6 7 8 9 10 

VISUAL AREA 

F i g u r e  6. Percentage o f  Time Across V isua l  Areas 

. 
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' 

I t  i s  noteworthy t h a t  t h e  v i s u a l  cues necessary f o r  n a v i g a t i o n  were 
e v i d e n t l y  p resen t  p r i m a r i l y  i n  t h e  area viewed th rough  t h e  c o p i l o t ' s  
windscreen. 
and Table 8 which c o n t a i n s  t h e  summary da ta  f o r  a l l  s i x  f l i g h t  segments 
combined, 

T h i s  f a c t  i s  p o i n t e d  o u t  i n  t h e  d a t a  presented i n  F i g u r e  6 

TABLE 8 

VISUAL PERFORMANCE SUMMARY DATA 
REPRESENTING ALL S I X  FLIGHT SEGMENTS 

Visual Area 

Copi 1 o t  ' s 
Windscreen 

Handheld Map 

R igh t  Windscreen & 
R igh t  S ide Door 
Window 

C o p i l o t ' s  Side 
Door Window 

Visual  Free 
Time Task 

F l i g h t  Instruments 

Engine Inst rument  
C lus ter  

Nav iga t ion  
Ins truments 

Warning L i g h t s  

Other V isual  Areas 

Tota l  Time 
i n  Seconds 

4744.35 

3540.60 

508.20 

472.85 

308.66 

187.95 

170.16 

79.80 

50.16 

68.50 

Percent o f  To ta l  Number Mean Time 
T o t a l  Time of Exi ts /Min .  i n  Area 

46.8 12.82 2.191 

34.9 10.64 1.197 

5.0 2.81 1.069 

4.7 1.96 1.428 

3.0 0.44 4.115 

1 .8  0.91 1.212 

1.7 0.78 1.289 

.8  0.58 0.806 I 

. 5  0.24 1.223 

.7 0.40 1.007 

The n a v i g a t o r s  spent 46.8% o f  t h e  t o t a l  v i s u a l  t i m e  d u r i n g  t h e  f l i g h t  
o b t a i n i n g  i n f o r m a t i o n  through t h e  l e f t  windscreen compared t o :  (1) 5% 
of t h e  t i m e  v iew ing  t h e  t e r r a i n  th rough  t h e  r i g h t  windscreen and r i g h t  
door window, and ( 2 )  4.9% o f  t h e  t ime  search ing f o r  n a v i g a t i o n  i n f o r m a t i o n  
through t h e  l e f t  door window. 

The magnitude o f  t h e  demand f o r  v i s u a l  i n f o r m a t i o n  can be seen i n  
F i g u r e  7, which r e f l e c t s  summary da ta  f o r  a l l  s i x  f l i g h t  segments com- 
b ined  i n  terms o f  t h e  number o f - e x i t s  p e r  m inu te  f o r  each o f  t h e  v i s u a l  
cireas. 
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1 5  

1 
2 
3 

A 
5 
6 
7 
8 
9 

10 

5 I0 

COPILOT S W I N D S C R E E N  
H A N D . H E L D  M A P  

SIDE D O O R  W I N D O W  
C O P l L 0 T . S  SIDE D O O R  W I N D O W  
VISUAL F R E E  T I M E  TASK 
FLIGHT INSTRUMENTS 
ENGINE INSTRUMENT CLUSTER 
N A V I G A T I O N  INSTRUMENTS 
W A R N I N G  LIGHTS 
OTHER VISUAL-AREAS 

R I G H T  W I N D S C R E E N  a R I G H T  

-. I I I I I I 
1 2 3 4 5 6 7 8 9 10 

VISUAL AREA 

Figure 7 .  E x i t s  Per Minute Across Visual  Areas 

I n t e r p r e t a t i o n  o f  these data should be made i n  l i g h t  o f  Senders' s ta te -  
ment t h a t  the  frequency o f  eye f i x a t i o n s  i n  a v i sua l  area r e f l e c t s  the  
r e l a t i v e  importance o f  t h a t  area. Thus, two areas, c o p i l o t ' s  windscreen 
and t h e  handheld map, f a r  outweigh a l l  o thers  i n  terms o f  frequency o f  
demand o f  v i sua l  in format ion.  These data p o i n t  t o  the  c o p i l o t ' s  pr imary 
du ty  o f  nav iga t i ng  and seeking i n fo rma t ion  i n  the  t e r r a i n  which corresponds 
t o  t h a t  depic ted on the  map. 
a re  two o the r  windscreen o r  window areas; r i g h t  windscreen and r i g h t  
s ide  door window, and c o p i l o t ' s  l e f t  s i d e  window. The percentage o f  
t ime i n  each v i sua l  area a l so  shows the  same order  o f  u t i l i z a t i o n :  
c o p i l o t ' s  windscreen, ( 2 )  handheld map, ( 3 )  r i g h t  windscreen and r i g h t  
s ide  door window, and (4) c o p i l o t ' s  l e f t  s i d e  door window. Again, the  

Fo l low ing  these two h igh  v i sua l  use areas 

(1) 
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t o t a l  v i s u a l  c o n t a c t  f o r  these areas, f o r  a l l  f l i g h t  segments, ( r e f e r e n c e  
Table 8) represents  91.4% o f  t h e  t ime i n  f l i g h t .  More s p e c i f i c a l l y ,  
56.5% o f  t h e  t ime was used by t h e  a v i a t o r s  t o  o b t a i n  n a v i g a t i o n  cues 
f rom o u t s i d e  t h e  c o c k p i t  and an a d d i t i o n a l  34.9% o f  t h e  f l i g h t  t ime was 
spent o b t a i n i n g  i n f o r m a t i o n  f rom t h e  handheld map. 

T r a d i t i o n a l l y ,  heading r e f e r e n c e  ob ta ined f rom t h e  R M I  and magnet ic 
compass has been c r i t i c a l  f o r  successfu l  n a v i g a t i o n  a t  h i g h e r  a l t i t u d e s .  
However, t h e  summary data ( re fe rence Table 8 and F igures  6, 7 and 8), 
i n d i c a t e  t h a t  t h e  magnet ic compass and R M I  a r e  used v e r y  i n f r e q u e n t l y  
and f o r  t h e  s h o r t e s t  mean d w e l l  t ime.  

PERFORMANCE 
ENVELOPE FOR 

SEGMENTS 
AVERAGE= ALL SIX FLIGHT A 

I .  COPILOT'S WINDSCREEN 
2. HAND-HELD M A P  
3 .  RIGHT WINDSCREEN 6 RIGHT 

I_ " _ _ ^  .....-_.. 
)PILOT'S SIDE DOOR WINDO 

10. OTHER VISUAL AREAS i 

6 

sip5 n n n D  wiunnw 
A .  cc 
6. FLIGHT INSTRUMENTS 
7. ENGINE INSTRUMENT CLUSTER 
8. NAVIGATION INSTRUMENTS 
9 .  WARNING LIGHTS 

5 5. VISUAL FREE TIME TASK 

4 

3 

2 

1 

W 

0 I I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 

VISUAL AREA 

Mean Time i n  Each V isua l  Area F i g u r e  8. 
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When the  percentage of t ime the  R M I  and magnetic compass were used i s  
added t o  the  p rev ious l y  mentioned t ime spent ou ts ide  the  c o c k p i t  and 
t ime spent on the  map, a t o t a l  o f  92.2% o f  the  v i s u a l  t ime i s  accounted 
f o r  by the  performance o f  the  bas ic  duty  o f  nav iga t ion .  

concerns the f a c t  t h a t  the  f i v e  v i sua l  areas p r i m a r i l y  used f o r  nav iga t ion  
(areas 1, 2, 3, 4, 8) r e f l e c t  very  l i t t l e  v a r i a b i l i t y  i n  mean t ime o r  
dwel l  t ime across each o f  the  s i x  course segments. The low frequency o f  
use o f  v i sua l  areas such as 5, 6, 7, and 9, show much l a r g e r  v a r i a b i l i t y  
i n  mean dwel l  t ime i n  each area across the  s i x  course segments. 
l a r g e s t  v a r i a t i o n  can be observed on the  v i sua l  f ree  t ime task (area 5) 
which r e f l e c t s  mean dwel l  t ime ranging from 2.01 seconds t o  7.28 seconds. 
These data seem t o  i n d i c a t e  t h a t  the  sub jec t  a v i a t o r s  attempted t o  
compensate f o r  t h e i r  in f requent  use o f  the v i sua l  f ree  t i m e  task by 
reading as long as poss ib le  dur ing  n o n c r i t i c a l  f l i g h t  per iods.  I t  
should be noted t h a t  these longer  per iods of use of the  v i sua l  f ree  t ime 
task t y p i c a l l y  occurred immediately be fore  o r  a f t e r  f l i g h t  i n t o  a hover 
po in t .  
because the  p i l o t  was simply maneuvering i n  o r  o u t  o f  the  designated 
hover area. 

Three pr imary face ts  o f  F igure  8 should be discussed. The f i r s t  

The 

A t  these po in ts ,  the  n a v i g a t o r ' s  du t i es  were l ess  demanding 

I t  should be noted t h a t  i t  i s  the  p i l o t ' s  duty  t o  "perform the  
pre takeof f  and land ing  checks p r i o r  t o  a l l  t a k e o f f s  and approaches 
except when f l y i n g  a p o s i t i o n  i n  fo rmat ion  o ther  than lead." 
these checks, the  c o p i l o t ' s  s p e c i f i e d  duty,  "monitor engine and f l i g h t  
instruments and advise p i l o t  as required,' '  commanded on ly  4.0% o f  t he  
c o p i l o t ' s  v i sua l  t ime over a l l  the  f l i g h t  segments o f  the  nav iga t i on  
course. 
warning l i g h t  v i sua l  area. A very small percentage o f  the  t ime a t t r i b u t e d  
t o  the  o the r  v i sua l  areas category cou ld  have been spent on the  master 
caut ion  l i g h t .  
was on ly  .7% o f  the  t o t a l  t i m e ;  there fore ,  the  t ime devoted t o  t h i s  
p a r t i c u l a r  warning l i g h t  was inconsequent ia l .  Although gu ide l ines  a re  
n o t  es tab l i shed f o r  the  frequency o f  scan o f  engine and f l i g h t  i n s t r u -  
ments and warning l i g h t s ,  one would assume a grea ter  frequency of demand 
of v i sua l  in fo rmat ion  from these areas than ex i s ted  ( re fe rence Table 8 
and F igure  7 ) .  The frequency o f  demand f o r  a i r c r a f t  and engine s ta tus  
in format ion should d i r e c t l y  r e l a t e  t o  the  c o p i l o t ' s  unce r ta in t y  about 
the  s ta tus  o f  t h i s  in fo rmat ion  as we l l  as the  degree t o  which he fee ls  
responsib le  f o r  determining t h i s  in format ion.  The low frequency o f  scan 
of the  f l i g h t  and engine s ta tus  instruments and warning l i g h t s  would 
suggest t h a t  t he  a v i a t o r s  tes ted  d i d  n o t  perce ive a c r i t i c a l  personal 
need f o r  t h i s  in fo rmat ion .  

Excluding 

I n  scor ing,  the  master caut ion  l i g h t  was no t  inc luded i n  

However, t ime spent i n  the  o the r  v i sua l  area category 
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L i n k  values o r  the  number o f  t r a n s i t i o n s  f rom each o f  t he  v i s u a l  

The l i n k  values repor ted  i n  Table 9 a re  suppor t i ve  o f  the  
areas t o  a l l  o ther  areas i n d i c a t e  the  c o p i l o t ' s  i n fo rma t ion  seeking 
behavior.  
prev ious data i n  t h a t  the  pr imary t r a n s i t i o n s  a re  between the  c o p i l o t ' s  
windscreen and the  handheld map. 

The pr imary a c t  o f  nav iga t ion  i n  a r o t a r y  wing NOE, low l e v e l  o r  
contour environment could be descr ibed as a f e a t u r e  o r  p a t t e r n  comparison 
between the  map and the  t e r r a i n  i n  s i y h t .  However, before the  p a t t e r n  
matching can occur, the  nav iga tor  must f i r s t  perform a search task f o r  
c r i t i c a l  geographical fea tures .  Navigat ion requ i res  the  constant  i n t e -  
g r a t i o n  o f  in fo rmat ion  deemed c r i t i c a l  on the  map and comparing t h i s  
a r ray  o f  fea tures  t o  the  ac tua l  t e r r a i n .  The nav iga to r ' s  task i s  made 
more d i f f i c u l t  by the f a c t  t h a t  he must ( 1 )  view the  t e r r a i n  i n  a v a r i e t y  
o f  s ta tes,  e.g., seasonal changes, v i s i b i l i t y  o r  i l l u m i n a t i o n  d i f fe rences ,  
day and n igh t ;  and ( 2 )  compensate fo r  the  discrepancies between the  map 
and the  t e r r a i n  i n  areas where s i g n i f i c a n t  t e r r a i n  fea tures  have been 
changed, e.g., f i e l d s  c leared, roads and br idges added, e tc .  

I n  conclusion, the  data f rom t h i s  study w i l l  p rov ide  base l ine  
in format ion f o r  comparison w i t h  the  performance o f  o ther  a i rc rew du t ies  
o r  missions. As we l l ,  i t  i s  very impor tant  t o  note o b j e c t i v e l y  the  
c o p i l o t ' s  p r i o r i t i e s  i n  ca r ry ing  o u t  h i s  pr imary and secondary subtasks. 
The imbalance i n  the  c o p i l o t ' s  d i s t r i b u t i o n  o f  v i s u a l  t ime across sub- 
tasks i nd i ca tes  t h a t :  (1) new maps should be developed t h a t  w i l l  a l l ow  
the  nav iga tor  t o  reduce h i s  in fo rmat ion  processing and se;lrch t i m e ,  and 
(2) new nav iga t ion  a ids  should be developed that  w i l l  p rov ide i n f o r -  
mat ion which w i l l  reduce the  nav iga to r ' s  t ime on nav iga t ion  tasks.  Data 
from t h i s  study i n d i c a t e  t h a t  unless these developments a re  added t o  the  
f l i g h t  inventory ,  the  c o p i l o t  w i l l  have a very l i m i t e d  oppor tun i ty  t o  
perform o the r  i n - f l i g h t  tasks such as t a r g e t  de tec t i on  and i d e n t i f i -  
ca t ion .  As we l l ,  f l i g h t  sa fe ty  i s  c u r r e n t l y  compromised because o f  the  
c o p i l o t ' s  i n a b i l i t y  t o  a t tend t o  c r i t i c a l  engine s ta tus  instruments.  
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TABLE 9 

LINK VALUES BETWEEN VISUAL AREAS 
TOTALED ACROSS ALL S I X  FLIGHT SEGMENTS 

1 2 3 4 5 6 7 8 9 10 

Right Windscreen Cop i l o t ' s  L e f t  Visual Engine Other 
C o p i l o t ' s  Haqd-Held & Right  Side Door Side Door Free Time F l i g h t  Instrument Navigation Warning Visual 
Windscreen Map Window Window Task Instruments Cluster  Instruments L ights  Areas Total 

Windscreen 1440 331 198 30 58 55 28 7 16 2163 
1 C o p i l o t ' s  

2 Hand-Held 
Ma P 1463 108 110 12 43 17 27 9 9 1798 

3 R igh t  Windscreen & 
R igh t  Side Door 253 165 12 2 3 9 4 6 22 476 
W i  ndow 

4 C o p i l o t ' s  L e f t  
S ide Door Window 207 106 1 2 3 1 2 322 

N 
N 

5 Visua l  Free 
Time Task 

6 F l i g h t  
Inst ruments 

38 11 5 

66 22 4 

7 9 7 1 1 79 

4 7 13 28 1 1 146 

7 Engine I n s t r u -  
ment C lus te r  58 21 2 7 14 13 4 15 10 144 

8 t h v i  ga t  i o n  
Instruments 47 17 4 5 24 1 1 2 101 

9 Warning 
L i g h t s  12 2 2 2 2 14 5 39 

70 10 .Other Visual 
Areas 21 13 18 3 3 11 1 

Tota l  21 65 1797 475 33 1 75 155 132 99 41 68 
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